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Abstract 
Eight oil-in-water emulsions were prepared using melt high-pressure homogenisation (HPH) at 300 or 1200 Bar. The 
emulsions produced from lipid phase (20%) were composed by palm oil alone or in mixture with Į-tocopherol at 4:1 
weight ratio, and an aqueous phase containing whey proteins alone or in mixture with phospholipids. The resulting 
nanoemulsions (fat droplet size ranging from 200-500 nm) presented different stability against aggregation and 
coalescence, fat crystallinity and polymorphisms in relation to different degrees of Į-tocopherol encapsulation and 
protection against chemical degradation.  Protein stabilised emulsions were monomodal, while emulsions stabilised 
by proteins and lecithins were slightly bimodal. Application of an isothermal treatment (4°C for 2 hours) to these 
emulsions showed crystallization peaks located at longer time values in smaller particle size emulsions, while in the 
presence of added Į-tocopherol average particle size values were higher and crystallization was not observed in 2 
hours storage. Study of fat polymorphisms performed after 12 hours storage at 4°C revealed the formation of 2L 
structures with coexistence of Į, ȕ’ and ȕ forms in all of the emulsions. Increasing HPH from 300 to 1200 Bar 
favoured development of ȕ structure (4.5 A-1) in Į-tocopherol added emulsions, with the presence of one extra peak ȕ 
structure evolved at 3.9 A-1 only in emulsions containing lecithins. Į-tocopherol addition decreased in 2L structures 
(by approx. 40-50 %). The formation of lipid nanoparticles with decreasing size values (increasing HPH parameters) 
was accompanied by increased long-term stability against aggregation and coalescence, but increased vitamin 
degradation (up to 15 wt% for 1200 bar).  Degradation of Į-tocopherol after 2 months storage at 4°C was lower  for 
nanoparticles stabilised by whey proteins alone (21 and 33%, respectively) than for nanoparticles stabilised by whey 
proteins in mixture with phospholipids and presenting higher size values (44 and 52 %, respectively), where E 
polymorphs were more evolved. 
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1. Introduction 
 
A number of studies in pharmaceutical, medicine and more recently in food have highlighted the 
improvement of bioavailability of active molecule when incorporated in colloidal systems (size 10 nm to 
1 μm) with an advantage of encapsulation of bioactive compounds. Į- tocopherol (the main component of 
vitamin E) is a lipophilic bioactive compound which prevents cardiovascular diseases, cancer, 
atherosclerosis and age related diseases due to its antioxidant properties. Degradation reactions of Į-
tocopherol takes place under exposure to high temperature or certain other factors like oxygen, alkali, 
light, minerals, and hydroperoxides. Fat droplets in oil-in-water emulsions may be used as vitamin 
carriers, and their surrounding membrane can protect the encapsulated molecules against chemical 
degradation and environmental hazards during storage [1, 2]. In the present work, we will focus on the 
role of fat droplet structural characteristics such as particle size, nature and concentration of adsorbed 
materials and crystalline fat content and polymorphisms of emulsions produced at 300 or 1200 bar, in 
relation to their physical stability and bioactive degradation.  Physical stability against fat droplet 
aggregation-coalescence, crystallinity and polymorphisms (at 4°C) were investigated using different 
experimental approaches, in nanoemulsions containing the same crystalline fat (palm oil) but stabilised by 
either whey proteins alone or whey in mixture with phospholipids. And the results were related to their 
ability for protection of Į-tocopherol against chemical degradation under long-term storage conditions.  
 
Nomenclature 
 
HPH  High pressure homogenisation 
PE      Protein stabilised nanoemulsion prepared at 300 bar or 1200 bar 
PTE        Protein stabilised nanoemulsion containing vitamin  and prepared at 300 baror 1200 bar  
PLE        Protein stabilised nanoemulsion prepared at 300 bar or 1200 bar and containing lecithins 
PLTE  Protein stabilised nanoemulsion containing vitamin  and lecithins,   and prepared at 300 bar or   
               1200 bar  
 
 
2. Materials and Methods 
 
Eight emulsions were prepared from a lipid phase (20 wt%) composed by melted palm oil alone or in 
mixture  with Į-tocopherol at 4:1 weight ratio, and an aqueous phase containing  4.5 wt% whey proteins 
or 2.25% whey proteins in mixture  with lecithins (1.5 wt%). These mixtures were pre-homogenized at 
10,000 rpm for 10 min, and passed through a two stage high pressure homogeniser (HPH) for 12 cycles at 
300 and 1200 Bar. The resulting emulsions were characterised using methodologies described elswhere 
[1, 2, 3, 4] for 2 months. We monitored their median volumetric particle size (D50) after dilution in 1% 
SDS solution using static and dynamic light scattering; adsorbed protein surface concentrations from 
protein determination by spectrophotometry, crystalline fat content and polymorphisms using differential 
scanning calorimetry (DSC) and Soleil-synchrotron radiation beam. The degree of vitamin protection was 
determined using a spectrofluorimetric method [2]. 
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3. Results and Discussion 
 
Our results show that HPH parameters and nature and concentration of surface active molecules, and 
also Į-tocopherol addition have effects on the particle size distributions (Fig1). Increasing HPH 
parameters reduced the average particle size values, enhancing the number of particles/unit volume for all 
of the systems studied. Protein stabilised emulsions in the absence (PE) or presence of Į-tocopherol 
(PTE) were mono-modal and finely dispersed, contrary to emulsions containing lecithin (PLE & PLTE) 
which were slightly bimodal. In presence of added Į-tocpherol, the percentage of particles higher than 
200 nm was increased in PTE and reduced in PLTE. After 60 days storage at 4°C, fat droplet median size 
values (D50) increased more for emulsions without Į-tocopherol (32%  for PE 300, 13%  for PE1200, 
100% for PLE 300, 50%  for PLE 1200), as compared to emulsions with Į-tocopherol  (19%  for PTE 
300, 5% for PTE 1200; 26% for PLE 300, and 21% for PLE 1200). These results indicated also that Į-
tocopherol addition enhanced the emulsions stability against coalescence. 
The decrease in the droplet size caused by increased HPH and addition of Į-tocopherol was also 
accompanied with an increase in supercooling and fat crystallinity under cooling experiments of melted 
emulsions. Application of an isothermal treatment (at 10°C) to emulsions led to crystallization peaks 
appearing after longer time values in smaller particle size emulsions (thermodynamic barriers), whereas 
in the presence of added Į-tocopherol  crystallisation peak was not observed after 2 hours storage.  
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Fig. 1. Particle size distributions of fat droplets at 1200 bar in emulsions stabilized by proteins alone (A) and proteins and lecithins 
mixture (B). Black solid lines are for emulsions without Į-tocopherol and white dotted lines are for emulsions with added Į- 
tocopherol. 
 
Polymorphism studies in emulsions stored at 4°C for 12 hours by synchrotron radiation at small angle 
X-ray scattering and wide angle X-ray scattering showed 2L longitudinal stacking organization with 
coexistence of different lateral packing forms Į,ȕ’ and ȕ,  but with different trends depending on both 
the composition and homogenization parameters (Fig. 2).  
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Fig. 2. Synchrotron radiation scattering curves observed at small angle scattering (left) and wide angle scattering (right) from 
nanoemulsions  stabilized by proteins alone (PE) or in presence of lecithin (PLE) at 300 or1200 Bar, and in the absence (PE and 
PLE) or presence (PTE or PLTE) of Į-tocopherol. Average median sizes, D50 (in nm) are indicated in brackets. 
 
After 12 hour storage at 4°C, fat droplets with median average size ranging from 200 to 500 nm, 
presented a similar polymorphic behavior in protein stabilized emulsions, PE 300 and PE 1200, while in 
emulsions containing lecithins, PLE 300 & PLE 1200, one extra ȕ structure was observed at 3.9 A-1   
short spacing.  Increase in HPH increased the ȕ structure observed at 4.5 A-1 from all of the emulsions.  
 
Addition of Į-tocopherol reduced the intensity of 2L structures (by 40-50 %) and increased the ȕ 
structure (at 4.5 A-1) in parallel with an increase in HPH. Such ȕ structures were maximally developed in 
Į-tocopherol added emulsions at higher pressures (PTE 1200 & PTLE 1200) but for lecithin containing 
emulsions (PTLE 1200)  such ȕ structures (4.5 A-1)  seemed to be more developed and accompanied by 
the extra ȕ structure observed at 3.9 A-1 . ȕ polymorphic form is compact and rigid structure, it could 
hinders encapsulation of bioactive in crystal structure. 
 
Emulsification processing (HPH) caused Į-tocopherol degradation, due to temperature and 
mechanical effects (by 1% at 300 Bar, and 15% for 1200 Bar) as shown in Fig. 3.  After 60 days the 
degree of vitamin degradation differed depending on the composition of the fat droplets membrane (by 
21% for PTE 300, 33% for PTE 1200, 44% for PLTE 300, and 52% for PLTE 1200). The highest vitamin 
degradation was observed in nanoparticles stabilized by whey proteins in mixture with lecithin and 
presenting higher E peak structures.      
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Fig. 3. Vitamin degradation in nanoemulsions prepared at 300 and 1200 Bar (386 and 238 nm size, respectively) and stabilized by 
protein alone, or in mixture with phospholipids,  after storage ( 4°C - 60 days). 
 
4. Conclusion 
 
Whey protein alone stabilized emulsions presented a higher physical stability against aggregation and 
coalescence than mixture of proteins and phospholipids, irrespective of droplet size ranging from 200 to 
500 nm. HPH which was applied to prepare submicron fat droplets favors the formation of ȕ polymorphic 
structures in the presence of lecithins, and such structures which are compact and rigid can expel Į-
tocopherol from fat crystal structure explaining differences in its degradation depending on additives used 
for emulsion stabilization against coalescence. 
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